Hypertension
March 2015 data of Cornell product (n=7), with a history of stroke (n=104), or with myocardial infarction (n=50). Therefore, the number of subjects analyzed in this study was 10 643.
ECG Measurement and Interpretation
The ECG was performed at a paper speed of 25 mm/s and a gain of 10 mm/mV (or 5 mm/mV), using the ECG devices at each institution. Initially, a trained individual who was unaware of the subjects' background data measured the QT interval manually from lead II (or lead I or III if the QT interval could not be measured from lead II), which is the best lead for depicting the end of the T wave on a 12-lead ECG, according to a previously described method for measuring the QTc interval. 7 The ECG measurements were performed using a ruler with 0.01-mm graduations. The QTc interval for a single beat was measured from the beginning of the QRS complex to the end of the T wave. The end of the QT interval was taken as the last point of the T wave over leads I, II, and III, ie, where the downsloping limb joined the baseline, while we excluded U waves. 8, 9 RR intervals were also measured, and the mean of 3 RR intervals was calculated. Heart rate-adjusted QT intervals (QTc) were calculated using the Bazett 10 formula: (QTc=QT/[RR 1/2 ]). The intraobserver reproducibility of the Bazett QTc interval data was confirmed by comparing pairs of measurements for 98 ECGs. The mean relative error of the QTc interval data was 0.5%, and the mean intraobserver absolute error of the QTc interval data was 2.0 ms (SD, 17.0 ms).
A Cornell product of ≥244 mV×ms was used to diagnose ECG-LVH according to the Japanese Society of Hypertension Guidelines for the Management of Hypertension (2009) 11 and the Losartan Intervention For End point (LIFE) Reduction in Hypertension Study. 12 A prolonged QTc interval was defined as a Bazett QTc interval of ≥440 ms in men and ≥460 ms in women according to the method described in a previous report. 6 
Questionnaire and Other Measurements
Details of Questionnaire and Other Measurements are provided in the online-only Data Supplement.
Informed Consent
The internal review board of the Jichi Medical University School of Medicine approved this study. Written informed consent for the study was obtained from each individual who participated in the mass screening health check-up examinations at the baseline.
Follow-Up and Diagnostic Criteria
Details of Follow-Up and Diagnostic Criteria are provided in the online-only Data Supplement.
Statistical Analysis
Data are shown as mean±SD or percentage values. The nonpaired t test was performed to evaluate the difference in continuous variables between the subjects with and without prolonged QTc intervals. The χ 2 test was used to detect differences in the frequencies of characteristics between the groups. Improvement of the predictive value of QTc intervals in addition to the traditional cardiovascular risk factors for stroke events was evaluated using net reclassification improvement (NRI) and integrated discrimination improvement. 13 One-way ANOVA was performed to evaluate the overall differences among the subjects with neither prolonged QTc intervals nor ECG-LVH, those with prolonged QTc intervals but not ECG-LVH, and those with ECG-LVH; the Tukey honestly significant difference test was used for comparisons of mean values among the groups. Survival curves among the 3 groups were estimated using the Kaplan-Meier method. Adjusted hazard ratios and 95% confidence intervals for stroke events were calculated using Cox proportional hazards regression analysis adjusted for the following conventional cardiovascular risk factors: age, sex, body mass index, current smoking, alcohol intake of >20 g/d, systolic blood pressure, antihypertensive drug use, heart rate, the presence of hyperlipidemia, and the presence of diabetes mellitus. P values of <0.05 were considered to be statistically significant. The statistical software SPSS (version 18.0; Chicago, IL) was used for all analyses. 
Results

Subjects
The characteristics of the study subjects are shown in Table 1 . At the baseline, the subjects' mean age was 55.4±11.2 years, and 37.6% of the subjects were men. The mean Bazett QTc interval was 388±27 ms. Characteristics of subjects with and without prolonged QTc intervals (≥440 ms in men and ≥460 ms in women) are shown separately in men and women ( Table 1 ). The subjects with prolonged QTc interval were older and had higher percentage of hypertension and greater blood pressure level than those without prolonged QTc interval in both men and women.
QTc Interval as a Risk Marker of Stroke Events
In the analysis, combining men and women together, there were 354 stroke events (3.4%; 31.5 events per 10 000 person-years) in subjects without prolonged QTc intervals (n=10 481) and there were 16 stoke events (9.9%; 99.6 events per 10 000 person-years) in those with prolonged QTc intervals (n=162). The subjects with prolonged QTc intervals had a 2.13 times higher risk of stroke events than those without prolonged QTc intervals even after adjustment for the traditional risk factors and ECG-LVH (assessed as a Cornell product of >244 mV×ms; Table 2 ). The interaction between prolonged QTc interval and ECG-LVH was statistically insignificant (P=0.171) in the multivariate-adjusted Cox regression model. The multivariate-adjusted hazard risks stratified by the patients' characteristics are shown in Figure 1 . The stroke risk associated with prolonged QTc intervals was significant in subjects of older age and male sex and with hypertension and hyperlipidemia and in those without diabetes mellitus, obesity, or ECG-LVH.
NRI by Adding QTc Interval Into the Traditional Cardiovascular Risk Factors
The NRI for predictive values of stroke events was insignificant when the prolonged QTc interval (as a categorical variable) was included in the model in addition to the traditional risk factors (data not shown). The NRI of predictive values was significant when the QTc interval as a continuous variable was included in the model in addition to the traditional cardiovascular risk factors. The NRI was also significant when ECG-LVH alone was added and also when both the QTc interval and ECG-LVH were added to the traditional cardiovascular risk factors (Tables S1-S3 in the online-only Data Supplement). Moreover, NRI was significantly increased after adding the QTc interval (as a continuous variable) to the traditional cardiovascular risk factors that included ECG-LVH (NRI=0.014; P<0.001; Table 3 ). Data are shown as the values that compared with those in the subjects with below the thresholds of QTc interval or Cornell product in Cox regression analyses. Age, sex, body mass index, current smoking, alcohol drinking habit >20 g/d, systolic blood pressure, antihypertensive medication use, presence of diabetes mellitus, presence of hyperlipidemia, and heart rate were entered as conventional risk factors. For total stroke events, P values for interaction between the prolonged QTc interval and Cornell product ≥ 244 mV×ms was 0.171 in the multivariate-adjusted model. CI, confidence interval; HR, hazard ratio; LVH, left ventricular hypertrophy; and QTc, corrected QT. 
Characteristics of the Subjects With Prolonged QTc Intervals but Not ECG-LVH
As the number of subjects with both prolonged QTc intervals and ECG-LVH was too small to allow a statistical analysis to be performed, we stratified the subjects into the following 3 groups: (1) those with neither prolonged QTc intervals nor ECG-LVH, (2) those with prolonged QTc intervals but not ECG-LVH, and (3) those with ECG-LVH. The characteristics of the subjects in each group are shown in Table 4 . In total, 1.2% of the subjects had prolonged QTc intervals without ECG-LVH. The subjects with prolonged QTc intervals but not ECG-LVH were older, had higher percentage of men among them, and had higher blood pressure and heart rates than those with neither prolonged QTc intervals nor ECG-LVH. There were no significant differences in age and blood pressure level between the subjects with prolonged QTc intervals but not ECG-LVH and those with ECG-LVH. The propensity stroke risk score matched for traditional cardiovascular risk factors was significantly greater in subjects with prolonged QTc intervals but not ECG-LVH and in the subjects with ECG-LVH than that in the subjects with neither prolonged QTc intervals nor ECG-LVH (both P<0.001); however, it was insignificant between the subjects with prolonged QTc intervals but not ECG-LVH and the subjects with ECG-LVH (P=0.089).
Incidence of Stroke Events in the Subjects With Prolonged QTc Intervals Without ECG-LVH
The cumulative incidence of stroke events during the followup period is shown in Figure 2 . The subjects with prolonged QTc intervals but not ECG-LVH exhibited a greater incidence of stroke events than those who exhibited ECH-LVH and those who exhibited neither prolonged QTc intervals nor ECG-LVH. Even after adjusting for traditional cardiovascular risk factors, the subjects with prolonged QTc intervals but not ECG-LVH were found to be at increased risk of stroke events in comparison with the subjects who exhibited neither prolonged QTc intervals nor ECG-LVH (Table 5 ). The hazard risks for stroke events of prolonged QTc interval but not ECG-LVH were greater than the hazard risks of ECG-LVH for cerebral hemorrhage and ischemic stroke but not for subarachnoid hemorrhage.
Discussion
A prolonged QTc interval was found to be associated with an increased risk of future stroke events even among Japanese Figure 1 . Multivariate-adjusted hazard ratios (HRs) stratified by the characteristics of subjects for stroke events. HRs and 95% confidence intervals were calculated using Cox proportional hazards analysis after adjusting for age, sex, body mass index (BMI), smoking status, alcohol drinking habits, systolic blood pressure, antihypertensive medication use, the presence of diabetes mellitus, the presence of hyperlipidemia, and heart rate. P values for interaction between the subgroups and prolonged corrected QT intervals were also computed. CP indicates Cornell product; NA, not applicable; and SL, Sokolow-Lyon voltage. subjects without ECG-LVH, which was diagnosed based on the Cornell product. The subjects with prolonged QTc intervals but not ECG-LVH exhibited an increased stroke risk compared with the subjects who had neither prolonged QTc intervals nor ECG-LVH, and the hazard risk was greater than that in the subjects with ECG-LVH. These results suggest that the prolonged QTc interval was associated with stroke risk even among patients without ECG-LVH.
Three previous studies have demonstrated that prolonged QTc intervals are associated with an increased risk of stroke: (1) Cardoso et al 1 detected this association in a Brazilian diabetic population, (2) Maebuchi et al 2 Japanese population, and (3) Soliman et al 3 found it in the general US population. In addition to supporting the findings of these previous studies, our results also suggest that a prolonged QTc interval is a predictor of future stroke events even in individuals without ECG-LVH.
observed it in the general
In the analysis of NRI, adding the QTc interval as a continuous variable to the traditional cardiovascular risk factors that included ECG-LVH in the model improved the predictive value of stroke events; however, adding the prolonged QTc interval as a categorical variable did not increase the predictive value. There were no statistical differences in the propensity stroke risk score between the subjects with prolonged QTc interval but not ECG-LVH and those with ECG-LVH; therefore, the predictive value of prolonged QTc interval and ECG-LVH for stroke events did not differ significantly.
The mechanisms responsible for the association between prolonged QTc intervals and a greater risk of stroke events might involve increased arterial stiffness 14 because prolonged QTc intervals have also been reported to be a marker of increased carotid intima media thickness. 15 Therefore, the risk of subarachoid hemorrhage, which is susceptible to elevated blood pressure rather than atherosclerosis, might not be increased by prolonged QTc intervals, but it was increased by ECG-LVH. The QTc interval represents the time required for ventricular excitation and repolarization in the heart, but it was found to be related to stroke events rather than myocardial infarction in this study, probably because of the small number of myocardial infarction events experienced by our subjects (data not shown).
The relationship between prolonged QTc intervals and stroke events might be affected by heart rate. We used the Bazett formula to calculate QTc intervals in this study to make it possible to compare our results with those of a previous study involving a Japanese population. 2 Compared with other QTc interval formulas, such as the Fridericia and Framingham formulas, the Bazett formula is considered to be markedly affected by heart rate. 16 However, it was reported that the stroke risk associated with a prolonged QTc interval was not influenced by the formula used to calculate the interval, 3 and in this study, the relationship between prolonged QTc intervals and stroke events remained significant after adjusting for heart rate.
The QTc interval has also been reported to be associated with the incidence of atrial fibrillation, 17,18 a well-known risk factor for stroke events, and we previously reported that subjects who exhibited atrial fibrillation on ECG at the baseline were at an increased risk of stroke. 18 Therefore, we excluded subjects who displayed atrial fibrillation at the baseline from the present analysis. In addition, the incidence of atrial fibrillation during the follow-up period was not evaluated in this study.
This study had the following limitations: (1) we measured the subjects' QTc intervals manually using lead II (or lead I or III if it was difficult to measure using lead II). Although the mean QTc interval obtained in this study was shorter than that reported in previous studies involving Japanese patients who were referred to a university hospital 19 or a general Japanese population, 2 the Bazett QTc interval cutoff level that was found to be associated with a significantly increased risk of stroke was comparable to that described in a previous report.
2 ( 2) The QTc interval could be affected by drug use and electrolyte levels; however, these factors were not evaluated in this study. (3) We did not obtain the incidence of atrial fibrillation during the follow-up period. 
Perspectives
In the general Japanese population, a prolonged QTc interval is associated with an increased risk of future stroke events even in subjects without ECG-LVH, as diagnosed using the Cornell product. The presence of a prolonged QTc interval on ECG could be a risk marker of future stroke events in subjects without ECG-LVH.
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Follow-up
The mass screening examination system was used to check the subjects every year for 10 years. During these examinations, we asked the subjects directly whether they had suffered a stroke or cardiovascular disease after being enrolled in the present study. If a 3 subject did not undergo a scheduled annual screening examination, we contacted them or their family by mail or phone to confirm whether they had suffered any cardiovascular events or died. In cases in which the subject had visited a medical institution due to a cardiovascular event or died at a medical institution, doctors or health nurses associated with the JMS Cohort study visited the institution and checked the subject's medical records. When an incident case was suspected, we filled out the appropriate forms and obtained copies of any brain computed tomography or magnetic resonance images (when a cerebrovascular event was suspected). In cases in which a subject died and their family could not be contacted during the follow-up period, death certificates were collected from public health centers with permission of the Agency of General Affairs and the Ministry of Health Labor and Welfare. Information regarding any changes in residence that occurred during the study was obtained from each municipal government annually.
Diagnostic criteria
Diagnoses were determined independently by a diagnosis committee composed of radiologists, neurologists, and cardiologists. Questionnaire responses and copies of the subjects' medical records were used to assess whether any of the following events had occurred: cardiac death, vascular death, stroke death, sudden death, non-fatal myocardial infarction, or non-fatal stroke events. The details of the definitions of stroke events have been reported previously 1 . 
